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(54) MAGNETIC HEAD AND MAGNETIC RECORDER USING IT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic head provided 
with a narrow track and driven by a high frequency wave and to 
provide an ultra high density recorder using this magnetic head. 
SOLUTION: This magnetic head is provided with a coil 26 
conductor held between a first magnetic film pattern 25 and a 
fourth magnetic film pattern 27, a second magnetic film pattern 32 
magnetically connected to this first magnetic film pattern 25, a 
third magnetic film pattern 33 magnetically connected to this 
fourth magnetic film pattern 27 and a magnetic gap 10 held 
between these second magnetic film pattern 32 and third magnetic 
film pattern 33. In such a case, this magnetic head is made the 
magnetic head where an insulative and non- magnetic single film 
being in contact with the second magnetic film pattern 32 and the 
third magnetic film pattern 33 covers at least the first magnetic 
film patter 25. Thus, the magnetic head provided with the narrow 
track (1 ^im or below) and driven by the high frequency wave (150 
MHz) is obtained, and ultra high density recording of a 10 Gb/in2 
class becomes possible by the magnetic recorder using it. 



LEGAL STATUS 

[Date of request for examination] 03.10.2001 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 




http://www1 9-ipdl jpo.go.jp/PA1 /result/detail/main/wAAAa_aalcDA41 0269523P1 .htm 



2004/04/26 



Searching PAJ 




2/2 s<—i> 



[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.jpo.go.jp/PA1 /result/detail/main/wAAAa_aalcDA41 0269523P1 .htm 



2004/04/26 



1/2 s<— V 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the coil inserted between the 1st magnetic film pattern and the 4th magnetic film pattern with 
a conductor this -- with the 2nd magnetic-substance pattern magnetically combined to the 1st magnetic 
film pattern In the magnetic head which has the magnetic gap inserted between the 2nd magnetic film 
pattern and the 3rd magnetic film pattern this the 3rd magnetic- substance pattern magnetically 
combined to the 4th magnetic film pattern this -- The magnetic head characterized by the insulating 
and nonmagnetic simple gland which touches the magnetic film pattern of the above 2nd and the 3rd 
magnetic film pattern having covered the 1st magnetic film pattern at least. 

[Claim 2] The magnetic head according to claim 1 characterized by being the film with which simple gland 
insulating [ above-mentioned ] and nonmagnetic contains the alumina film or a diamond particle. 
[Claim 3] the film of the insulation [ top / nonmagnetic and insulating / which touches the magnetic film 
pattern of the above 2nd, and the 3rd magnetic film pattern / simple gland ] in nonmagnetic [ 2nd ] a 
laminating carrying out -- the inside of the film insulating by this 2nd nonmagnetic one - -a coil -- the 
magnetic head according to claim 1 characterized by preparing a conductor. 

[Claim 4] The magnetic head according to claim 1 characterized by preparing the magnetic pole section 
which writes in from the laminated structure of the magnetic film pattern of the above 2nd, and the 3rd 
magnetic film pattern, and specifies the width of recording track, and the back- contact section which 
combines magnetically the magnetic film pattern of the above 1st, and the 4th magnetic film pattern. 
[Claim 5] the outside of the existence region of the magnetic film pattern of the above 2nd, and the 3rd 
magnetic film pattern --a coil the magnetic head according to claim 1 characterized by arranging a 
conductor. 

[Claim 6] The magnetic head according to claim 1 characterized by having set to 1.0 micrometers or less 
width of face of the magnetic film pattern of the above 3rd exposed to a sliding surface, and setting 
thickness to 1.0 micrometers or less. 

[Claim 7] The magnetic head according to claim 1 to which the volume of the magnetic film pattern of the 
above 3rd is characterized by being 10~4 or less [ of the volume of the magnetic film pattern of the above 
1st, and the 4th magnetic film pattern ]. 

[Claim 8] The magnetic head according to claim 7 to which specific resistance of the magnetic film pattern 
of the above 1st and the 4th magnetic film pattern is characterized by being higher than the specific 
resistance of the magnetic film pattern of the above 3rd [claim 9] The magnetic head according to claim 1 
to which area of the magnetic film pattern of the above 2nd exposed to a head floatation side and the 3rd 
magnetic film pattern is characterized by the large thing compared with the area of the above 1st and the 
4th magnetic film pattern which are similarly exposed in the magnetic head which consists of the magnetic 
film pattern of the above 1st, a magnetic film pattern of the above 2nd, a magnetic film pattern of the 
above 3rd, and a magnetic film pattern of the above 4th. 

[Claim 10] The magnetic head according to claim 1 characterized by satisfying 0.8<Bs1xt/Bs2xDg<1.5 
when saturation magnetic flux density of the magnetic film pattern of the above 4th is set to Bs1 CD, 
thickness is set to t (micrometer) and the lap length of the floatation direction of Bs2 (T), the magnetic film 
pattern of the above 3rd, and the magnetic film pattern of the above 4th is set to Dg (micrometer) for the 
saturation magnetic flux density of the magnetic film pattern of the above 3rd. 

[Claim 11] the coil inserted between the 1st magnetic film pattern and the 4th magnetic film pattern 
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with a conductor this - - with the 2nd magnetic -substance pattern magnetically combined to the 1st 
magnetic film pattern In the magnetic head which has the magnetic gap inserted between the 2nd magnetic 
film pattern and the 3rd magnetic film pattern this -- the 3rd magnetic-substance pattern magnetically 
combined to the 4th magnetic film pattern -- this The magnetic head according to claim 10 
characterized by the magnetic film pattern of the above 2nd being the same ingredient as the magnetic film 
pattern of the above 1st. 

[Claim 12] The magnetic head according to claim 10 characterized by forming the magnetic film pattern of 
the above 2nd by etching some magnetic film patterns of the above 1st into a mask in the magnetic film 
pattern of the above 3rd. 

[Claim 13] The magnetic head according to claim 10 to which saturation magnetic flux density of the 
magnetic film pattern of the above 3rd is characterized by the high thing compared with the saturation 
magnetic flux density of the magnetic film pattern of the above 2nd. 

[Claim 14] The magnetic head according to claim 13 characterized by locating the magnetic film pattern of 
the above 3rd in runoff one end to the hand of cut of a medium to the magnetic film pattern of the above 
2nd. 

[Claim 15] The magnetic recording medium characterized by using the magnetic head according to claim 1 
with which are satisfied of rho/(microxt 2) >0.0064 when relative permeability [ in / for the specific 
resistance of the ingredient which constitutes the magnetic film pattern of the above 1st and the 4th 
magnetic film pattern / rho (muomega-cm) and 5MHz ] is set to mu and thickness is set to t (micrometer). 
[Claim 16] The magnetic recording medium according to claim 15 characterized by for the magnetic film 
pattern of the above 1st and the 4th magnetic film pattern being the multilayer which carried out the 
laminating of a magnetic film and the nonmagnetic membrane, or the amorphous alloy film of the high 
electric resistance of 50 or more microomegacm of specific resistance, and being the alloy film with which 
the magnetic film pattern of the above 3rd uses Co-nickel-Fe of 20 or less microomegacm of specific 
resistance as a principal component. 

[Claim 17] The magnetic recording medium according to claim 15 characterized by driving by 150MHz or 
more of drive frequencies. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are nbt translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic recording medium using the suitable 
magnetic head and this suitable, when starting the magnetic head used for a computer, an information 
processor, etc., especially realizing high density record. 
[0002] 

[Description of the Prior Art] Semiconductor memory and magnetic-substance memory are mainly used for 
the storage (record) equipment of information machines and equipment. Semiconductor memory is used for 
internal storage from a viewpoint of the access time, and magnetic-substance memory is used for an 
outboard recorder from a viewpoint of large capacity and a non-volatile. The mainstream of magnetic- 
substance memory is in a magnetic disk and a magnetic tape today. As for the record medium used for 
these, the magnetic thin film is formed on aluminum substrate or the tape made of resin, in order to write 
magnetic information in this record medium electromagnetism -- the function part which has a 
conversion operation is used. Moreover, in order to reproduce magnetic information, the function part using 
a magnetic- reluctance phenomenon, a huge magnetic- reluctance phenomenon, or an electromagnetic- 
induction phenomenon is used. These function parts are prepared in the components for I/O called the 
magnetic head. 

[0003] The magnetic head and a medium move relatively, magnetic information is written in the location of 
the arbitration on a medium, and it has the function which reproduces magnetic information electrically as 
occasion demands. When a magnetic disk drive is stated to an example, the magnetic head consists of the 
write-in section 21 of magnetic information, and the playback section 22 to read, as shown in drawing 2 (a). 
The write-in section consists of a package (refer to drawing showing the cross-section structure of 
drawing (a) (b)) t and magnetic poles 27 and 25 combined magnetically up and down in a coil 26 and this. 
The playback section 22 is constituted from an electrode 29 for detecting a sink and resistance change by 
the magneto- resistive effect component section 23 and this component section in constant current. 
Between the section write-in [ these ] and the playback section, the lower magnetic pole 25 exists and it 
serves as the function which shields an unnecessary field at the time of playback. Moreover, the same 
function is prepared in the shielding layer 28. Moreover, these function parts are formed through the 
substrate layer 24 on the magnetic- head body 62. 

[0004] the example of drawing 2 (a) -- record electromagnetism -- although a magneto- resistive effect 
is used for a conversion operation and playback, playback of magnetic information is possible also by 
_ detecting _th.e electromagnetic- induction. current guided to the coil prepared in the write-in section. In this 
case, record and playback can be performed by one function part. 

[0005] The engine performance of storage has indispensable shortening and large -capacity- izing of the 
access time, in order to be decided by the speed and storage capacity at the time of input/output 
operation and to heighten product competitive strength. Moreover, the miniaturization of the demand of 
small-and- light- izing of information machines and equipment to storage is becoming important in recent 
years. In order to satisfy these demands, the magnetic storage which writes in much magnetic information 
and can be reproduced needs to be developed in a single record medium. 

[0006] In order to satisfy this demand, it is necessary to raise the recording density of equipment. In order 
to realize high density record, it is necessary to make detailed magnitude of a magnetic domain to write in. 
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It is realizable by raising the frequency of the write-in current which was shown in drawing 2 (a) and which 

writes in, and narrows width of face of a magnetic pole 27, and is passed in a coil 26 to this. 

[0007] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional technique, by 
narrowing magnetic pole width of face to 2.5 micrometers, and raising a frequency to about 90MHz, it 
realizes and the thing of the recording density of the 2nd class of 2 Gb/in can be carried out. However, it 
became clear that the problem it is described below that promotes the further densification arises, and a 
limitation is generated in densification. 

[0008] The 1 st problem is related with the width of face of a magnetic pole. In the magnetic head used for 
the magnetic disk, a thick magnetic pole 2 micrometers or more is used from the need of generating the 
strong field exceeding the coercive force of a record medium. This thickness cannot be made thin even if it 
narrows magnetic pole width of face. For this reason, the rate of thickness cannot but serve as a high 
pattern (high pattern of an aspect ratio) to width of face, so that magnetic pole width of face is narrowed. 
[0009] Generally, manufacture is difficult for such a pattern and it causes cost lifting. A means to solve 
this problem is opened to JP,7-296328,A. 

[0010] The notch structure is used for this method in order to narrow the width of recording track. The 
notch structure is understood that it will have exposed if the magnetic head is seen from a sliding-surface 
side as shown in drawingJJL ■ truck- ization is realized by forming the magnetic poles 32 and 33 with 
narrow width of face by the electrolysis galvanizing method in this notch structure 52. 

[0011] Moreover, magnetic flux can be guided to a magnetic pole head by the broad magnetic poles 25 and 
27 which sandwiched this magnetic pole. 

[0012] The above-mentioned notch structure is formed from oxidization silicon etc., and anisotropic 
etching is possible for it. For this reason, there is the advantage whose pattern formation by the resist 
pattern of the thin film excellent in definition becomes possible. 

[0013] However, even if it produced the magnetic head of the above-mentioned structure by this approach, 
the limitation was generated in recording density. The generating field became low and it became 
impossible to write in the magnetic information on high density, so that the frequency of the current 
passed in a coil was specifically raised. 

[0014] The problem resulting from this RF property did not have a publication in the above-mentioned 
official report, and it became clear as a result of producing the magnetic head actually. 
[0015] Mo reover, with the above-mentioned structure, it turned out that a field arises also from the broad 
magnetic poles 27 and 25 (magnetic pole exposed toward a medium side) which sandwich a magnetic pole 
with narrow width of face, and unnecessary writing arises in a medium side by this field. Since it was large 
compared with magnetic poles 32 and 33 (width of recording track to record actually), when this 
phenomenon arose, information disappeared in the large range and it became impossible for the pattern 
width of face of these magnetic poles 27 and 25 to achieve the function as a recording device. 
[0016] It was thought that the problem which eliminates this adjoining truck information could prevent a 
write-in current in advance by setting it as the predetermined range beforehand. However, as a result of 
applying to a recording device actually, the heterogeneity of the temperature rise in a case and the 
magnetic properties of a medium showed that a cure could not be done only by control of a write-in 
current. 

[0017] Moreover, the ingredient which constitutes the notch structure has the fault restricted to the 
ingredient of an oxidation silicon system in order to think micro -processing nature as important. This 
constraint is because it is necessary to be the ingredient which can perform anisotropic etching which 
used oxygen, a Fre.on gas, etc._ _ 

[0018] This notch structure is exposed to the floatation side (magnetic -head sliding surface) of a slider 
through a protective coat so that it may be indicated by the above-mentioned official report. Compared 
with the alumina film used for the conventional magnetic head, mechanical reinforcement is inferior in 
oxidation silicon, and it has the fault into which moisture etc. tends to invade. Moreover, although there is 
such a fault, it is necessary to carry out a laminating on structure more thickly than the conventional 
record gap length. 

[0019] Although it will be satisfactory if protective coat thickness is thick enough, in the magnetic head for 
high density in recent years, protective coat thickness is set as 15nm or less from the object which 
shortens distance from a medium side. The mechanical lack of on the strength of the notch structure is 
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unsuppliable with such a thin film. That is, when the unexpected contact to the magnetic head and a record 
medium arises, the notch structure section and the record actuation made into the object becomes 
impossible. It becomes impossible moreover, to prevent trespass of moisture etc. It became clear, as a 
result of there being no publication in the above-mentioned official report and manufacturing a recording 
device actually also about the problem concerning these dependability. 

[0020] Moreover, as the magnetic-head structure using the above-mentioned notch structure is shown in 
drawing 1 1 (cross-section structure shown in the left), the coil 26 is formed on the insulator layer 53. 
Since it is thin compared with the thickness of the notch structure 52, the thickness of this insulator layer 
53 is formed apart from the notch structure. In case this process is performed, men of the same trade are 
understood easily that it is necessary not leaving an insulating material on a magnetic pole 33, and to pay 
attention. Moreover, it is also clear that lifting of the manufacturing cost concerning this processing cannot 
be disregarded. 

[0021] If it restricts to ** truck- ization, the re is a method indicated by JP, 7-26251 9,A. As this method is 
shown in d raw ing 12 , the 2nd magnetic film pattern 32 exists on the 1st magnetic film pattern 25, and a 
magnetic gap 10 is located between the 4th magnetic film pattern 27. This structure can form the 4th 
magnetic film pattern 27 by etching a part of 1st magnetic film pattern 25 into a mask. 

[0022] In order for this method to realize truck- ization, it is required to narrow the width of face of the 
4th magnetic film pattern 27. Therefore, the electrolysis galvanizing method must be applied to the 
formation. 

[0023] However, the magnetic pole which can be formed by the electrolysis galvanizing method needs to be 
right conductivity, and cannot apply the ingredient of high electric resistance. Moreover, by this method, 
since the 3rd magnetic film pattern does not exist, it is necessary to make area of the 4th magnetic film 
pattern large. For this reason, the pattern of a large area will be formed by the electrolysis galvanizing 
method. For this reason, since it mentioned later, it turned out that it is not suitable for RF actuation. 
[0024] As mentioned above, the problem concerning densification, the formation of a truck, a raise in 
reliance, and low cost- ization was not able to satisfy all from the technique currently indicated by the 
above-mentioned official report. For this reason, when realizing the magnetic recording medium of the high 
density made into the object by this invention, the problem arose. 

[0025] The object of this invention is by indicating the new structure of realizing the magnetic head of the 
RF actuation which has magnetic pole width of face of 1 micrometer or less to clarify possibility of the 
super- high density recording device of the 2nd class of 10 Gb/in. 
[0026] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the means 
expressed below was used in this invention. 

[0027] It has a conductor, first, between the 1st magnetic-substance film pattern and the 4th magnetic- 
substance film pattern which are the conventional technique --a coil - -It has the 3rd magnetic- 
substance pattern magnetically combined to the 2nd magnetic-substance pattern and the 4th magnetic film 
pattern which were magnetically combined to the 1st magnetic film pattern. For and the object which 
lowers especially a manufacturing cost in the structure of reconciling the RF property and the formation of 
a truck which are later mentioned on the basis of the magnetic head which has a magnetic gap, between 
the magnetic film pattern of these 2nd, and the 3rd magnetic film pattern It changed into the structure 
where the insulating and nonmagnetic film exposed to a sliding surface includes the 1st magnetic film 
pattern at least. 

[0028] Moreover, a part of 3rd magnetic film pattern was exposed to the above-mentioned nonmagnetic 
one and an insulating film_ surface, and the 3rd_magnetic film-pattern and the 4th magnetic film pattenvwere 
magnetically combined in this exposed surface in order to satisfy the basic function of the magnetic head 
in the above-mentioned structure. 

[0029] moreover, the 2nd magnetic film pattern which forms a magnetic gap in order to lower a magnetic- 
head manufacturing cost and the 3rd magnetic film pattern at least the methods of three -- the 
nonmagnetic and insulating film -- surrounding - -an insulating this nonmagnetic and film front-face top -- 
nonmagnetic [ 2nd ] and the insulating film --a laminating -- carrying out the inside of this 2nd 
nonmagnetic one and the insulating film - -a coil --it was made the structure of preparing a conductor. 
[0030] Moreover, the magnetic pole section which makes equal the two-dimensional configurations of the 
magnetic film pattern of the above 2nd and the 3rd magnetic film pattern, writes in from the laminated 



http://www4.ipdl.jpo.go.jp/cgi- bin/tran_web_cgi_ejje 



2004/04/26 



- < • 

structure of the magnetic film pattern of these 2nd and the 3rd magnetic film pattern in order to lower a 
manufacturing cost, and specifies the width of recording track, and the back- contact section which 
combines magnetically the 1st magnetic film pattern and the 4th magnetic film pattern were constituted. 
[0031] moreover, the object which raises a RF property -- the outside of the existence region of the 2nd 
magnetic film pattern and the 3rd magnetic film pattern - -a coil -- the conductor has been arranged. 
[0032] Moreover, the specific resistance of the 1st magnetic film pattern and the 4th magnetic film pattern 
was set up more highly than the specific resistance of the 3rd magnetic film pattern in order to raise a RF 
property. 

[0033] Moreover, the volume of the magnetic film pattern of the above 3rd was set as less than [ of the 
volume of the 1st and 4th magnetic film patterns / 10E-4 ] in order to raise a RF property. 
[0034] Moreover, it is related with the saturation magnetic flux density Bs1 of the 4th magnetic film 
pattern, Thickness t, the saturation magnetic flux density Bs2 of the 3rd magnetic film pattern, and the lap 
length Dg of the floatation direction of the 3rd magnetic film pattern and the 4th magnetic film pattern, and 
is 0.8<Bs1xt/Bs2xDg<1.5 in order to generate improvement in a RF property, and the write-in field of need 
reinforcement. It was made satisfied. 

[0035] Moreover, the unnecessary write-in phenomenon to an adjoining truck was reduced, and the area of 
the 2nd magnetic film pattern exposed to a head floatation side and the 3rd magnetic film pattern made it 
large compared with the area of the 1st and 4th magnetic film patterns similarly exposed in order to realize 
high density record. Moreover, when relative permeability [ in / for the specific resistance of the ingredient 
which constitutes the 1st magnetic film pattern and the 4th magnetic film pattern / rho (muomega-cm) and 
5MHz ] was set to mu in order to raise a RF property, and thickness was set to t (micrometer), rho/ 
(microxt 2) >0.0064 were satisfied. The magnetic head to which this condition is satisfied was 
manufactured, and the magnetic recording medium was assembled using this magnetic head. 
[0036] Moreover, actuation of the magnetic recording medium in this drive frequency was enabled in 
inputting the control signal of 150MHz or more of drive frequencies into the magnetic recording medium 
which carried this magnetic head which has improved frequency characteristics. 

[0037] Moreover, in order to realize high density record, width of face of jhe 3rd magnetic film pattern 
exposed to a sliding surface was set to 1.0 micrometers or less, and the thickness was set to 1.0 
micrometers or less in order to satisf^requency characteristics and need write-in magnetic field strength. 
While manufacturing this magnetic head, the magnetic recording medium which carried this magnetic head 
was assembled. 

[0038] Moreover, the film which contains the alumina film or a diamond particle for the 1st insulation and 
nonmagnetic membrane which are indicated above in order to satisfy the dependability of a recording 
device and a life consisted of film used as a principal component. 

[0039] Moreover, the 1st magnetic-substance film pattern and the 4th magnetic- substance film pattern 
consisted of a multilayer which carried out the laminating of a magnetic film and the nonmagnetic 
membrane, or amorphous alloy film of the high electric resistance of 50 or more microomegacm of specific 
resistance for the purpose of coexistence of a RF property and need write-in magnetic field strength. 
Moreover, the 3rd magnetic film pattern consisted of alloy film which uses Co-nickel-Fe of 20 or less 
microomegacm of specific resistance as a principal component. Moreover, the magnetic recording medium 
of a high speed and high density was realized by carrying the magnetic head which has this structure in a 
recording device. 

[0040] Mo reover, the 2nd magnetic film pattern and the 1st magnetic film pattern consisted of same 
ingredients for the purpose of the improvement of manufacturing- cost reduction and frequency 
characteristics. By carrying this magnetic head jn a magnetic recording-medium, the high-speed magnetic 
recording medium was manufactured cheaply. 

[0041] Moreover, in order to realize reduction of a manufacturing cost, and coexistence of need write-in 
magnetic field strength, saturation magnetic flux density of the 3rd magnetic film pattern was made high 
compared with the saturation magnetic flux density of the 2nd magnetic film pattern. The conditions which 
the 3rd magnetic film pattern locates in runoff one end along the hand of cut of a medium to the 2nd 
magnetic film pattern are required for this configuration. 
[0042] 

[Embodiment of the Invention] The example of the magnetic head which applied this invention using 
drawing 1 is described. Drawing 1 ( a ) is cross-section structural drawing corresponding to drawing 2 (b) 
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[0043] The 1st magnetic film pattern stated by this invention corresponds to the lower core 25 shown in 
drawing. Moreover, the 4th magnetic film pattern corresponds to the up core 27. A coil 26 exists between 
the 1st magnetic film pattern and the 4th magnetic film pattern. The coil 26 is formed from the conductive 
ingredient which uses Cu, Au f aluminum, Ta, Mo, etc. with a thickness of 2 microm eters as a principal 
component. It fills up with the insulating material 38 in order to hold the electric insulation with a coil 26 
and a core 27. 

[0044] Moreover, between the lower cores 25 used as the up core 27 and the 1st magnetic film pattern 
used as the 4th magnetic film pattern, the 2nd magnetic film pattern 32 and the 3rd magnetic film pattern 
33 are inserted, and the magnetic gap (or record gap) 10 is formed of these members. The configuration so 
far is equivalent to the magnetic head by the conventional technique. 

[0045] The notch structure indicated by the conventional technique does not exist in this invention. 
Instead, in this invention, the nonmagnetic membrane 31 which consists of single structure in contact with 
the 2nd magnetic film pattern 32 and the 3rd magnetic film pattern 33 was formed, this nonmagnetic 
membrane 31 --at least the 1st magnetic film pattern -- the whole region is covered mostly. 
[0046] Moreover, the coil 26 was formed in the insulating material 38 which carried out the laminating on 
nonmagnetic and the insulating film 31. 

[0047] Moreover, the magnetic-path material 41 and 42 and the magnetic gap 40 are formed between the 
up core 27 and the lower core 25. This structure is suitable when applying film of a high degree of 
hardness, such as alumina film, to the insulating and nonmagnetic film 31, and it has the advantage which 
lowers a manufacturing cost. 

[0048] That is, although the alumina film forms membranes by a spatter etc., in case it forms membranes, 
the laminating of it is carried out also on the 3rd magnetic film pattern. In order to attain the basic function 
of the magnetic head, it cannot be overemphasized that it is necessary to remove the alumina film from on 
the 3rd magnetic film pattern selectively. However, the alumina film has a problem because of a high degree 
of hardness. By introducing the structure of this invention, it can carry out by the cheap approach of 
mentioning this processing later. 

[0049] Moreover, lifting of a manufacturing cost can be prevented by forming said division material (40, 41, 
42) simultaneously with the 2nd magnetic film pattern 32 and the 3rd magnetic film pattern 33. 
[0050] In addition, the electrode for 37 shown in drawing protecting a magnetic-head function part, writing 
an insulating layer with electric 38 and 30 in a coil (protective coat), and passing a current and 36 are 
magnetic head bodies (slider). 

[0051] This drawing (b) is drawing which looked at the magnetic head from the up core side corresponding 
to the 4th magnetic film pattern. Signs that the coil 26 is rolled spirally are known. This coil 26 is combined 
with the electrode 30 (drawing (a)) in the contact hole 34. here -- the outside of the existence region of 
the 2nd magnetic film pattern 32 and the 3rd magnetic film pattern 33 - - a coil -- the conductor 26 is 
arranged. This is a thing to raise a RF property. Moreover, the up core 27 and the lower core 25 are 
combined in the magnetic contact hole 35. This magnetic contact hole 35 has composition including the 
magnetic -path material 41 and 42 shown previously. 

[0052] The 2nd magnetic film pattern 32 and the 3rd magnetic film pattern 33 which are the description of 
this magnetic head are located at the head (edge close to a record medium) of the 4th magnetic film 
pattern 27 and the 1st magnetic film pattern 25, and have structure (a sliding-surface protective coat is 
minded strictly in many cases) which a part exposes to a sliding surface. If the structure of said division 
material is seen from alpha, it will become as it is shown in drawing (c). That is, the 2nd magnetic film 
- pattern 32 with narrow width of face and the 3rd magnetic film pattern 33 are put between the 4th 
magnetic film pattern 27 and the 1st magnetic film pattern 25. 

[0053] The magnetic film pattern 32 of these 2nd is used as the 1st magnetic film pattern 25, and the 3rd 
magnetic film pattern 33 is magnetically combined with the 4th magnetic film pattern 27, respectively 
(condition of magnetic-path resistance smallness). Moreover, it is surrounded by the 2nd magnetic film 
pattern 32 and the 3rd magnetic film pattern 33, and the magnetic gap is formed. At this example, although 
magnetic gap length was set to 0.3 micrometers, it cannot be overemphasized that this invention is 
applicable to other conditions. Nonmagnetic membranes, such as Cu film, alumina film, and oxidation silicon, 
can be used for this magnetic gap. 

[0054] Moreover, the insulating nonmagnetic membrane 31 which is single structure film as shown in 
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drawing serves as structure exposed to a sliding surface. Here, a mechanical strength can be raised by 
using the insulating nonmagnetic membrane 31 as the alumina film and the film which contains a diamond 
few. Thereby, the magnetic head of high reliance is realizable. 

[0055] Moreover, in order to realize high density record, width of face of the 3rd magnetic film pattern 
exposed to a sliding surface was set to 1.0 micrometers or less, and the thickness was set to 1.0 
micrometers or less in order to satisfy frequency characteristics and write-in magnetic field strength. 
[0056] This is the effectiveness which has applied the electrolysis galvanizing method to formation of the 
3rd magnetic film pattern. Moreover, the magnetic head in which RF actuation is also possible is realizable 
with constituting a magnetic pole from conditions mentioned later. 

[0057] In this invention, the electric resistance of both the 1st magnetic film pattern and the 4th magnetic 
film pattern was set up more highly (resistivity; about 50 or more microomegacm and a reason, it mentions 
later). Specifically, the pattern was formed from the CoTaZr amorphous alloy film, Sendust, the CoZrNbTa 
amorphous alloy film, a multilayer, etc. 

[0058] The spatter was used for membrane formation. Moreover, dry process, such as the lift-off method 
and the dry etching method, was used for pattern processing. The pattern formation by the electrolysis 
galvanizing method excellent in micro- processing nature is difficult for the high film of these specific 
resistance. Therefore, application to the magnetic pole material which narrowed magnetic pole width of 
face was conventionally considered to be difficult. 

[0059] Since this ingredient will be applied only to a part with a large pattern area (pattern width of face) if 
it depends on this structure, the pattern formation by dry process becomes possible. Moreover, since 
these magnetic film pattern had a large area, even if it did not dare have chosen the high ingredient of 
saturation magnetic flux density, the field which is needed for writing was able to be guided to the magnetic 
pole point (sliding- surface side). 

[0060] The ingredient beyond saturation-magnetic-flux-density 1.5T was used for the 3rd magnetic film 
pattern located in runoff one end (trailing side) to the 2nd magnetic film pattern. This is for affecting the 
quality (an exaggerated light property, flux reversal die length, etc.) of the magnetic-domain information by 
which the field from runoff one end is recorded on a medium. The function to generate sufficient record 
field simply becomes important. From the high ingredient of saturation magnetic flux density, it is known 
well that sufficient record field will occur. 

[0061] Specifically, CoNiFe, NiFe, Fe alloy film or pure iron, nitriding iron, etc. were used for the 3rd 
magnetic film pattern. Moreover, the electric resistance of these film chose the low thing compared with 
the 1st above-mentioned magnetic film pattern or the 4th magnetic film pattern by 50 or less 
microomegacm in general. This is selection for making possible pattern formation by the electrolysis 
galvanizing method in order to realize high density record. 

[0062] The high resistance film has the property which cannot conduct the electrical and electric 
equipment easily as the name suggests. For this reason, partial loading tends to happen at the time of 
electrolysis plating, and the good film cannot be grown up. Furthermore, the film containing the insulating 
matter etc. cannot be grown up by the galvanizing method. The ingredient of the low electric resistance 
which does not contain the insulating matter as 3rd magnetic film pattern, and high saturation magnetic flux 
density was chosen from the above reason. 

[0063] Next, the reason for having set resistivity of the 1st magnetic film pattern and the 4th magnetic film 
pattern to 50 or more microomegacm is explained. Drawing 5 is the result of measuring the frequency 
characteristics of the magnetic head which changed and produced the specific resistance of the 1st 
magnetic film pattern and the 4th magnetic film pattern. The electron ray tomography method was used for 
this measurement. Here, the relative permeability muof a magnetic film pattern "was fixed to abbreviation 
1000. Each thickness was fixed to 2.8 micrometers. Moreover, the lap (Dg shown in drawing 7 ) of the 4th 
magnetic film pattern and the 3rd magnetic film pattern was set to 2 micrometers. 

[0064] Drawing shows that a generating (it reveals) field falls to 50% or less compared with the result (equal 
to a magnetostat ic result in general) of 10MHz of drive frequencies in 90MHz of drive frequencies, when 
the ingredient (common NiFe ingredient) of specific resistance 16microomegacm is used. With the 
ingredient of 60 or more microomegacm of specific resistance, there is little reduction of a generating field 
and it turns out that the field strong to about 200MHz in general has occurred. 

[0065] In a magnetic disk drive, high-speed writing is demanded, and in order to satisfy this demand, the 
magnetic head which generates the write-in field of a RF is needed. The ingredient of high specific 
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resistance was used for the 1st and 4th magnetic film patterns from this reason. 
[0066] Drawing 6 is for estimating the resistivity of the core part (it corresponds to the 1st and 4th 
magnetic film pattern stated by this invention) which is needed for RF actuation. The axis of ordinate of 
drawing shows the upper limit of the frequency from which 65% of generating field is acquired to the 
generating field at the time of low frequency actuation of about 1MHz (it can read in drawing 5 ). 65% of 
generating field is the lower limit of the need [ that steady writing is performed ] field, and is a value 
acquired from the experience of equipment manufacture. 

[0067] Drawing shows that 150MHz actuation is attained by raising the specific resistance of a core part to 
50microomegacm. * 

[0068] Although the value of this specific resistance is realized about the case of the head conditions used 
for this examination, it can develop into a general value by the following logic. 

[0069] IEEE Transaction ON MAGUNE tex No. 31 According to the (7) types (it indicates to a page 2654) 
indicated by the page 2656 (IEEE TRANSACTIONS ON MAGNETICS, VOL31, NO.6 p.2651-2626) from the 
page 2651 of a number 6, even if magnetic pole conditions change, it depends for the frequency 
characteristics of the magnetic head on a value fg (rho, mu, t). Here, rho is magnetic pole thickness and the 
resistivity of a magnetic pole ingredient and mu are [ the relative permeability of a magnetic pole 
ingredient, and t ] fg=rho/(microxt 2). There is relation of (1). When the above-mentioned head 
conditions (magnetic pole conditions) whose 150MHz actuation is attained are substituted for this formula, 
it is f ^=50/(1 000x2.82) **0.0064. It is set to (2). Therefore, the head conditions whose 150MHz 
actuation is attained even if the conditions of a magnetic film pattern change are rho/(microxt 2) >0.0064. 
--It turns out that it is necessary to satisfy (3). This formula shows that the ingredient of 
rho<50microomegacm is also applicable, when the magnetic pole of t smallness is used. 
[0070] This formula is the thing of the conditions that the thickness of an up core and the thickness of a 
lower core are equal. However, when a difference is in thickness, it is checking that the above-mentioned 
formula is materialized by using the thickness of the thicker one. Thus, this formula becomes possible 
[ applying to all the magnetic heads that take the configuration of this invention ]. 

[0071] Moreover, it can ask from the result shown in drawing 6 also about the RF actuation conditions 
exceeding 150MHz. That is, the value of rho which can generate 65% or more of field to a static magnetic 
field can be read in drawing, it can ask for fg* by assigning this value to (2) types, and the magnetic film 
conditions (rho, mu, t) with which are satisfied of (3) types can be acquired from this value. 
[0072] Unless especially thickness is made thin, 150MHz actuation is realized by using the ingredient of 50 
or more microomegacm of resistivity. As for the ingredient of 50 or more microomegacm of resistivity, 
development is performed until now. However, the magnetic disk drive using this ingredient is not realized. 
This reason is because RF actuation is advanced with the densification of equipment. 

[0073] That is, the access time will increase only by data making it serial, although densification progresses 
in the sliding direction (circumferencial direction) by improvement in drive frequency (it becomes reel 
memory- like). For this reason, trouble arises to the random access nature which is the description of a 
magnetic disk. For this reason, the densification to the truck cross direction by narrowing magnetic pole 
width of face with the sliding direction is also needed for densification. 

[0074] Specific resistance is high, the film which can carry out pattern formation by the electrolysis 
galvanizing method has a high magnetostriction constant, and in case a detailed pattern is formed, mask 
material has the fault which a crack tends to produce. Furthermore, the multilayer film with which specific 
resistance sandwiched high amorphous ******** etc. has the fault which cannot perform pattern formation 
by the electrolysis galvanizing method. For this reason, there is a fault which cannot realize narrow 
magnetic pole width of face. For this reason, it cannot act as Kioritz of RF-izing and the densification. The - _ 
magnetic disk drive which applied this magnetic head to the magnetic-head list of 150MHz actuation which 
used the ingredient of high electric resistance from this reason is not realized. 

[0075] The magnetic disk drive which used this magnetic head for the magnetic- head list driven on the 
frequency of 150MHz or more for the first time is realizable by applying the conditions which are especially 
satisfied with this invention of a ****** (3) type in basic magnetic- head structure at the ingredient of the 
1st and 4th magnetic film patterns, and structure. This knowledge is not indicated by the former but 
becomes clear for the first time with the result of drawing 6 at the drawing 5 list. 

[0076] By the way, the result shown in drawing 5 did not influence the value of the specific resistance of 
the 3rd magnetic film pattern. This was the phenomenon which the volume of the 3rd magnetic film pattern 
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stated by this example restricted compared with the volume of the 1st magnetic film pattern and the 4th 
magnetic film pattern when small. 

[0077] Although drawing 9 is the same frequency characteristics as drawing 5 , it makes the parameter the 
ratio of the volume of the volume [ of the 3rd magnetic film pattern ], 1st, and 4th magnetic film patterns. 
Drawing shows that frequency characteristics deteriorate, so that a volume ratio approaches 1 (in a volume 
ratio 1, the condition that the pattern with equal thickness lapped simply is meant). Drawing 10 (the same 
indication as drawing 6 is given) summarized this result. Although the upper limit of the frequency to which 
a generating field becomes 65% or more from drawing 10 to a static magnetic field improves so that it 
makes a volume ratio small, it turns out that it is in a saturation inclination. And if the volume of the 3rd 
magnetic film pattern is set or less [ of the volume of the 1st and 4th magnetic film patterns ] to 10~4, it 
turns out that existence of the 3rd magnetic film pattern can be disregarded in general. So, this invention 
prescribed the volume of the 3rd magnetic film pattern within the limits of this. 

[0078] As 3rd magnetic film pattern, the ingredient conditions of others [ need / of generating the strong 
field for writing ] were also required. Drawing 8 asks for the relation between the saturation magnetic flux 
density Bs (it was presupposed that the same is said of the Bs of the 2nd magnetic film pattern here) of 
the 3rd magnetic film pattern, and generating magnetic field strength. The result of having changed Bs of 
the 1st and 4th magnetic film patterns as a parameter is shown. A result shows that a strong field occurs, 
so that Bs of the 3rd magnetic film pattern is raised. It is known that the high medium of coercive force 
generally fits high density record, and it is known that a medium with higher coercive force is [ a strong 
field ] needed for writing. From these, he can understand the need of choosing an ingredient high [ Bs ] as 
the 3rd magnetic film pattern. 

[0079] However, even if it raised Bs of the 3rd magnetic film pattern recklessly, the high writing of 
resolution was not realized. It turned out that this reason is for field inclination to deteriorate. The result of 
having asked drawing 8 for field inclination is doubled and shown. The range (experimental result; range 
where the exaggerated light property which is 30dB was acquired) of Bs whose high record of resolving 
power with high (0.9 or more values of standard) field inclination was completed from drawing When Bs of 
the 1st and 4th magnetic film patterns was 1T and Bs value of the 3rd magnetic film pattern was [ Bs of 
the range / of 1T to 1.7T /, 1st, and 4th magnetic film patterns ] 1.3T, the range of Bs value of the 3rd 
magnetic film pattern was 1.2T to 2.3T. 

[0080] Considering the magnetic path of the magnetic head, this range can be summarized to general 
relational expression. Setting the cross section of the magnetic head shown in drawing 7 , magnetic flux 
flows to the 4th magnetic film pattern 27 from the 1st 2nd magnetic film pattern 32 and 3rd magnetic film 
pattern 33 from the magnetic film pattern 25. The amount of the hit by the unit length of the truck cross 
direction of magnetic flux which flows each magnetic path can be calculated in approximation from the 
product of the thickness t (magnetic pole thickness) and Bs of a magnetic path. Therefore, if Bs and t of 
the 1st magnetic film pattern and the 4th magnetic film pattern are equal, the magnetic flux proportional to 
Bslxt both will flow. It is understood that that this magnetic flux flows altogether to the 2nd magnetic film 
pattern and the 3rd magnetic film pattern is the case that a product with the DEPPUSU length Dg (the lap 
die length of the 1st magnetic film pattern and the 2nd magnetic film pattern or the lap die length of the 
4th magnetic film pattern and the 3rd magnetic film pattern) and Bs2 who shows drawing 7 is equal. 
[0081] Here, since the 3rd magnetic film pattern is located in runoff one end to the 2nd magnetic film 
pattern, the field from here affects a record condition most. Therefore, the conditions of the 3rd magnetic 
film pattern are described below. 

[0082] Since it fixed to Dg=2micrometer and t= 2.8 micrometers in the case of this example, this relation is 
satisf ied to set Bs2 of the 3rd magnetic film pattern to about 1.4-T when the -1st and Bs1 of the 4th ~ 
magnetic film pattern are set to 1T. Lack of magnetic flux or excess (saturation of a magnetic pole) arises 
by the 3rd magnetic film pattern, so that it separates from this condition. For this reason, field distribution 
deteriorates. 

[0083] Therefore, the range for acquiring good field distribution can be described using the value of Bs1, t, 
Dg, and Bs2. First, when Bslxt and DgxBs2 are calculated about the range where the above-mentioned 
good field distribution is acquired, in the case of Bs1xt=2.8, in the case of 3.4Bs1xt=3.64, DgxBs 2= 2 
shows that it is the range of 4.6 from DgxBs 2= 2.4. When the above-mentioned range is described here 
using Bs1xt/DgxBs2, the range where good field inclination is acquired is 0.8<Bs1xt/DgxBs 2< 1.5. It is 
set to (4). By satisfying this condition, record of a high resolution is realizable with the magnetic- head 
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structure of this invention. 

[0084] As mentioned above, if the description of the magnetic head of this invention is arranged simply, 
generally the specific resistance of the 1st and 4th magnetic film patterns will become high compared with 
the 3rd magnetic film pattern. Moreover, the volume of the 1st magnetic film pattern becomes larger than 
any of the 3rd magnetic film pattern. Furthermore, magnetic pole structure needs to satisfy (4) types. 
[0085] Next, another description of the magnetic head charged by this invention is described below. 
Drawing 4 shows typically the relation between the 4th magnetic film pattern 27 and other magnetic film 
patterns 25, 32, and 33. In the example of drawing (a), the configuration of this form [ near and ] of the 4th 
magnetic film pattern 27 corresponds with a house type with the form of the up core of the conventional 
magnetic head. In this form, the area of the 2nd magnetic film pattern 32 exposed to the cross section of a 
magnetic gap and the 3rd magnetic film pattern 33 of becoming narrow compared with the area of the 4th 
magnetic film pattern 27 similarly exposed is clear. 

[0086] This structure was able to realize good record actuation, when a common medium was used. 
However, it turned out that coercive force is unsuitable for an especially small medium. A cause is because 
record actuation will be performed by the field from the field 51 shown in drawing (writing takes place from 
the 4th magnetic film pattern 27 by the feeble field revealed to the 1st magnetic film pattern 25). clear 
from drawing (a) -- as -- the width of face of the 4th magnetic film pattern 27 (-- from the cross 
section close to a medium side -- seeing --) -- since it is large, the information which adjoins if write-in 
actuation takes place is made to disappear 

[0087] So, in this invention, as shown in drawing (b), modification was added to the configuration of the 4th 
magnetic film pattern 27. It was made for the edge (angle) of the 4th magnetic film pattern not to appear in 
a sliding surface by specifically giving curvature to the edge of the side close to a sliding surface. Magnetic 
charge tends to concentrate an edge and the leakage field from here becomes strong inevitably. If 
curvature is given to the 4th magnetic film pattern 27 as shown in drawing, write-in malfunction to the 
adjoining truck which concentration of magnetic charge did not have and became a problem by the above 
will not occur. In this case, it can see from a sliding surface and area of the 4th magnetic film pattern 27 
can also be narrowed compared with the area of the 2nd and 3rd magnetic film patterns. Moreover, as 
shown in drawing (c), also in the configuration which is not exposed to a sliding surface, the same 
effectiveness was acquired because only alpha retreats the edge of the 4th magnetic film pattern 27 from 
a sliding surface. When the edge of the 4th magnetic film pattern becomes far to a medium side, he can 
understand this because write-in actuation is no longer performed. 

[0088] Although the above example was performed only about the 4th magnetic film pattern, it cannot be 
overemphasized that modification is possible also about the 1st magnetic film pattern. Even if it does not 
dare change the 4th magnetic film pattern, the distance between opposite magnetic poles (distance 
between magnetic poles in the field 51 shown in drawing (a)) can be extended by changing the configuration 
of the 4th magnetic film pattern, and a leakage field stops however, influencing an adjoining truck from this 
effectiveness. 

[0089] Next, how to produce the magnetic head (this invention) which prepared the nonmagnetic membrane 
which consists of single structure which touches the 2nd magnetic film pattern and the 3rd magnetic film 
pattern using drawing 3 is described. A process is described in order along drawing. 
[0090] Drawing (a) shows the condition of having formed the frame pattern 71-1 which determines the 
configurations of the 2nd magnetic film pattern and the 3rd magnetic film pattern, after carrying out the 
laminating of the 1st magnetic layer 25 which constitutes a lower core on substrate structure. Under the 
present circumstances, in order to form a back-contact pattern simultaneously, a frame 71-2 is formed. 
. These frame pattern 71^1 and 71 -2 are macromolecule resin or oxidation silicon, such as a resist, etc. The 
cross section of a frame pattern needs to be vertical, and needs to be detailed. After once forming the 
resist pattern of a thin film from this reason and imprinting it to **** of an inorganic substance, this thin 
film pattern is used as a mask, and the giant- molecule resin of a substrate layer etc. is etched. The 
anisotropic etching which used oxygen, fluorine gas, etc. is suitable for this etching (the multilayer process 
used for semiconductor device production is suitable). 

[0091] Then, as shown in (b), the laminating of the 2nd magnetic film, the nonmagnetic conductive film 
(specifically Cu, Ta, etc.) which forms a record gap, and the 3rd magnetic film is carried out. The 
electrolysis galvanizing method (or nonelectrolytic plating method) is used for this membrane formation. 
Then, a resist pattern 72-1 and 72-2 are put on a frame 71-1 and the field which covers 71 -2 at least. 
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[0092] After forming the above-mentioned pattern, the field which is not covered with a resist pattern is 
removed by the sentiment method. The 2nd magnetic film pattern 32, the magnetic gap 10, the 3rd 
magnetic film pattern 33 and the magnetic -path material 41 and 42, and the magnetic gap 40 can be 
formed by removing a frame and a resist pattern, as shown in (c) after an appropriate time. 
[0093] Here, the two-dimensional configurations of the magnetic film pattern of the above 2nd and the 3rd 
magnetic film pattern become equal. Under the present circumstances, since pattern formation can be 
managed with once, it is efficient. 

[0094] Then, the whole region of the 1st magnetic film pattern was covered, and the insulating layer 31 
which consists of alumina film etc. as shown in (d) was put. Then, the 3rd magnetic film pattern 33 and the 
front face of the magnetic- path material 42 (back contact) were exposed. The planarizing process used for 
production of an approach, a semiconductor device, etc. which grind a front face mechanically in this 
processing (resin is applied thickly and a level difference is graduated.) Then, etching is advanced to 
desired thickness by the dry etching method, maintaining a smooth side. The approach of exposing a part 
of height on a smooth side by keeping the etching speed of resin and a height at 1:1 was used. Since all 
can perform alternative clearance of an insulating layer at a single process, they are excellent in 
productivity and can make cost of a manufacturing installation low. 

[0095] Then, as shown in (e), after forming a coil 26, the insulating layer 38 was formed. An insulating layer 
38 has a taper toward the 3rd magnetic film pattern. Moreover, opening 34 was formed in the contact 
section of the back-contact section (in order to expose the front face of the magnetic- path material 42), 
and a coil 26 and an electrode. 

[0096] Then, the 4th magnetic film pattern 27 was formed. The ion milling method or the lift-off method 
was used for formation. 

[0097] Then, manufacture of the body (only write-in section) of the magnetic head was ended by 
connecting an electrode with a contact hole 34. 

[0098] According to the process described above, the magnetic pole structure shown in drawing 1 can be 
formed. The magnetic- head slider was manufactured by forming this magnetic head on the wafer which 
machined the sintered compact of an alumina and a titanium carbide. 

[0099] In addition, formation is possible even if the structure of (c) etches this pattern into a mask, after 
forming the 3rd magnetic film pattern by the electrolysis galvanizing method. The ion milling method is 
suitable for this etching. Moreover, in order to form a magnetic gap and the 2nd magnetic film pattern by 
this approach, it cannot be overemphasized that it is necessary to carry out the laminating of an insulator 
layer (for a record gap to be constituted) and magnetic films, such as alumina film, to the bottom of the 3rd 
magnetic film pattern beforehand. Moreover, it is convenient even if this magnetic film is the same 
ingredient as the 1st magnetic film pattern located further downward. As for this, it is conditions that the 
3rd magnetic film pattern is located in runoff one end to the 2nd magnetic film pattern. 
[0100] About the magnetic head of this invention formed from the above-mentioned process, as shown in 
d r awing 13 , it is a mounting beam to the suspension member 7. In order to position the magnetic head 2 
attached at the head of the suspension member 7 in the location of the arbitration on a record medium 11, 
the rotary actuator 3 was used. It used in order to combine a rotary actuator 3 and the suspension 
member 7. Existence of this arm 4 becomes unnecessary in a recording device 2.5 inches or less. 
[0101] Since the alumina film of a high degree of hardness etc. is exposed to a sliding-surface side, the 
magnetic recording medium which carried the magnetic head of the above-mentioned structure turns into 
very reliable equipment. Moreover, the width of recording track (magnetic pole width of face) of the write- 
in section which constitutes the magnetic head is decided by 3rd magnetic film pattern width of face, and 
since formation by the electrolysis galvanizing method is possible for this pattern. it can manufacture easily 
the magnetic recording medium 1 micrometer or less corresponding to a ** truck. 

[0102] Moreover, the magnetic head driven on the frequency of 150MHz or more is realizable by applying 
the high ingredient of specific resistance to the 1st magnetic film pattern and the 4th magnetic film 
pattern. The high speed considered to be conventionally impossible from the above effectiveness and the 
magnetic recording medium of high density (two or more 10 Gb/in) are realizable. This is the result 
accomplished by optimization of insulator layer structure, optimization of a magnetic film pattern, etc. The 
complicated manufacture means of the magnetic recording medium (magnetic head) of this invention which 
has this description is unnecessary, and it can be manufactured cheaply. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are' not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram showing the magnetic head of this invention. 

[Dra w ing 2] The conceptual diagram showing the magnetic head by the conventional technique. 

[Draw ing 3] Process drawing showing the manufacture approach of the magnetic head of this invention. 

[Drawing 4] Drawing showing the configuration of the magnetic film pattern which constitutes a part of this 

invention. 

[Dra wing 5] Frequency-characteristics drawing at the time of changing the specific resistance of the 1st 
and 4th magnetic film patterns. 

[Drawing 63 The diagram showing the relation between the specific resistance of a core part, and the upper 
limit of drive frequency. 

[Dra w i n g 7] Cross- section structural drawing of the magnetic head of this invention. 

[ Dr a win g 8] Drawing showing the relation between magnetic pole conditions and magnetic field strength, 

and the relation of field inclination. 

[Drawing 9] The diagram showing the volume of the 3rd magnetic film pattern, and the relation of frequency 
characteristics. 

[DrawingJO] The diagram showing the relation between the volume of the 3rd magnetic film pattern, and 
the upper limit of the frequency which can be written in. 

[Drawing 11] The conceptual diagram showing the magnetic head (the 1) of structure conventionally. 
tDrawing^lfl. The conceptual diagram showing the magnetic head (the 2) of structure conventionally. 
[Drawing 13] The conceptual diagram showing the magnetic recording medium of this invention. 
[Description of Notations] 

2 [ - - Suspension, ] - - The magnetic head, 3 - - A rotary actuator, 4 - - An arm, 7 21 -- The Records 
Department (write-in section), 22 Read-out section 26 (playback section) -- Coil, 23 ~ A magneto- 
resistive effect component, 27 -- The 4th magnetic film pattern or up magnetic pole, 25 -- The 1st 
magnetic film pattern or lower magnetic pole (shielding layer combination), 28 [ Magnetic gap (record 
gap), ] - - A shielding layer, 24 -- 29 A substrate layer, 30 -- An electrode, 10 32 [ -- An insulating layer, 
71 / -- A frame pattern, 72 / - - A resist pattern, 31 / - - A nonmagnetic insulator layer, 51 / -- A leakage 
field generating field 62 / - - Magnetic- head slider body. ] - - The 2nd magnetic film pattern, 33 41 The 
3rd magnetic film pattern, 42 -- Magnetic- path material, 38 
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DRAWINGS 



[Drawing 2] 

M2 




[Dr awin g 4] 
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38 26 ^27 42 40 




1 

$ - Lxmrnttctss l tern 2 # - > 

3 (DfflfflR'* £ - > i <DHJ KJft $ tifcffiSWjfc * * 

-r z^mm 1 ibis<ds«^ „ h\ 
[ »*« 3 ] ±t but 2 <d»i4r^- # - > t m 3 ©»ttK 

fEtS©®^* F. 
[11*114 ] ±f2»2©«ttK^4r->iSr3©fiBSttJB 20 

/cC <L£#i*£T£fi*iI 1 iBiS<Z>»»^ * F D 

[ nnm 5 ] ±t asr 2 om^rn a * - > t » 3 <DM&m 
mmtr&tmm 1 iBao^m^ * f. 

tSS*^6 ] JSttffitCKtti-rS±iB»3©ai41B^^-r 
1 . 0//mJBlT, /S*«r 1 . OMmfclTtCOfc 
ci*«l»i-rSi9*3BlI2t6©«m^!y F. 30 

[»*^8 ] _hfSI£ 1 ©8BEttR^-^->SO e »4 (D^tt 
»^ £ - >©tbfiifi#±BBSI 3 ©It4I^* £ - ><Dtm 

F 

IW*3B9 ] ±E» 1 <DttteJB^*-->. _hfBff§2<Dil 
ttJB^"5r->. ±iE»3<D«BEttB^^->S0 c ±IB»4 40 

. 3 <ojmm^ $ - >.<dwmp* mc< mm-? &±mm i 

i-J-4»3RJBlBBtS<D?««^^ K. 
[i9*JBl 0] ±IB» 4 ©fiBEttlS^f->(Dia?PfiB»i!B 
g£Bsi(T) . mm&t (//m) il. ±iBS3<D 

atttK^'^-xoteipfiBtmffis^Bsz (T> , ±iam 

3 OlttS^ 5? - > £ ±IES 4 Oj&t$Bi; ^ - > <t 
±*|Sl©ift9fi%Dg (iim) il/cil^, 0. 8< 50 
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B six t/B s 2xDg< 1 . b£ffi&~r&Ct$:$$m 
£T*iB*«liBK©fi8^3> F. 
[BftfcSl 1 ] »l©^R^^->i*4fi[>«ttil^ 

fc»3<D»tett^**-><!:> »»2©attJB^^->i 

^iSr^-rSKSl^^ FCCfe^r, ±g3»2<Dfi8fflS^< 
£ - ±mm 1 ©fiSteM^ 5r - > i m— «f4T A 5 C 

2] ±K»2©fiBEttJB^*->3&s±fB»3© 
ittl^^'>^vx ^CC±IB^ 1 ©»ttJB^!>->0 

£T£ I»*3®1 0iB«<D»«^3i F. 

[i«*^i 3] A^mz^w&w^-^<ommsm 
c^ci^^m^-r^if*3ii o iBtscoasi^ 5» f. 

[16*^1 4] ±IB»3<D«ttia^^->^±gBSI2© 

flKctiig-rsc <t*s»i-r^«*3B i 313^^^. 

^ F. 

[KWSSl 5] ±fBSl©«ttH^5'->i»4©»e 

m> , 5MHztCfct^J:blI$?:/i 4 jg^^rt ( $x 
m) ib/cB^, p/(jtx Xt2)>0.0064^:^|J£T^>fi*^ 1 
3EK<D»«-w F*fflC»/cCi*«F«ir-S»«fB®K 

[«*Ji 1 6 ] ±IB» 1 ©»ttH/^->S^4<0» 

C^L«i:bffi!n5 0 Q c mfcl±©iSS«iSUi©r V 
r^BtftD, ±IB»3 0»ttB^^->^J:bJSJS 
20//Qc mfclTOC o - N i - F e ££jflc#<£ T £^ 

mm. 

immm 1 7 ] mmmmm 1 5 0 mh z«±rig«ir 

5fBtt0flK$ttB»«K. 

[000 1 ] 

t^./csa«gBe^accBB-r_& B _ 

[0 0 0 2 ] 

cse*©i$$B] ts?R®ncDiBtf. am) ^^cc« k 3icc 



(3) 

3 

[000 3] * F iJfiKfttt, *B*f Wtc#;«& U $ 

«1t«*S«W«:S^-rstBlfife*Wf m\<TA^>? io 
SHEfcWcft^S*!:. SHESl^y F«. m(ffl2 (a) 

2 6 <LCft£±TK:a# (H ( a ) <JDKfflflifi&^*ria 
( b ) #M5> ^oIMMiC^^n/cffi2 7 «t 2 5 
£fiff&S*l£. S4a52 2tt. «atSt?0»** : jFS2 3 

auoracctt. Ta$»«2 5#??aEu s^ustc^ssaw 

* K*i*6 2±^CT±fejl2 4^/MTM?nri^ e 

[ooo4ii2 ( a ) <dw«, mucmmm%\%m. 

[000 5] IE«*g<DtttB«, Affl^ftfEB*©* f - 
FiifittSSfic^oT^O, » B a D»#;fc*Ktf>*ft:tf> 

[0 00 6] C<DS*^r«a$#S/c«>tC«, itK^SB 

& e CtlCCtt, ^2 (a) lt^L/c8£riM>BlfiS2 7 0 
«€rSK< U A>03>f;P2 6CC»T«£iA#mSE©JSiffi 40 

[0 00 7] 

«ffi*I€r2. 5/im**?i*<U S»fi^9 0MH 
z*ISSTS«6^CiCCj:0, 2 G b / i n 2ft<DfBt£ 

l 0 0 0 8 ] m 1 ©BOHK, «fi©iBCCBrr£fc©"r* 
ffl^^-r^^tcffli^ti-rc^fflEa^^ F"Cte. IB 50 
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^»<D«»**iBAS3ai8»«:»*3-&5^*^6 2 

[0 0 0 9 ] C©«fc^£->te, — «CCSHfi#itl/ 

HPF7 - 2 9 6 3 2 8 #fi«tC&M3 tlX 
[0010] C<0*S«. h79 ^ 

ififtfr*. C(0^y^«JS»5 2rttc(ico«t^S3 
2, 3 3 ^^CtMf I. C i « h 7 ^ 

[0 0 1 1 ] £/c, [5]i&*I£:^> F-Y ?*L/dBj£©» 

625, 2iitxmi&*mfa%mi£~cmm*t&tti£x* 
[0012] ±es^ * *m&mzs wutMmmfrh&tn 

[ooi3j^u c<D^mcx±%mm<oM^v 

/Co 

[0014] c<DiB«««ecciaEg-r sraistt. ±ta& 

[ooi 5] */c, ±iB«iigrw, ♦i©#$i>e«£-*> 
f-t y^-rsiBj£©»fii2 7, 25 m»micfafrr>x 

7, 2 5(D^*^->ifIti; Ii3 2 t 3 3 (HKSfciEj* 
[00 16] C©R8h7^tSa^iT&|lSBtt, 

[ 0 0 1 7 3 sv ^flHBtf^rWSEr « 

«DXtt£MfJt^£/ctf\ »{ta*IR©»*4CCftiJIS3 4T. 




ec ffl I » 6 ft T I > -5 T Jl/ 5 Kte it^««W & SSfis&i^ 

[0019] «ajBI5^+»«W4i«MHWttC^.' is 
T*BW^&»RW¥4 1 5 n mJHTfcRSLTl**. 
£ffi^C£tiT*£& t > e -T&t)^, FifBSJK 10 

<Dflt\*R<c£tfr£fc<tts. tft6{»Rtt«:«a 

[0 0 2 0] ±iB-/^^»jS»*ffll^iaa^^ 
F»jfitt, HI 1 (l^]3!)^T£ic^Mj&) tc^-T 
J^fca-Ol^ 6#««tlR5 3<7>Jh£^?nrt^ 0 
t OtfiltJS 5 3 (DMilti, y * *«i6# 5 2 (DM^CCtL 

ft& 0 £/c, COWBitcflfeSSfjgn^ F©±S3&*MSHJ 

[002 1]»h7^ 4^tl£|®ft«, fW7 - 2 6 2 
5 1 9-^^«6cBfl7n§n-2>^5S3&SA&. 19 
1 2te7jrrJ;5tc, » 1 <Dffl4BS^^-> 2 5©±{c* 
2«iA-^->3 2^l, »4©»ttjR/*£- 

tt, »4©fiattJB^^->2 7^-7^^CC*lcr)fi8ttl|g 30 
[0 02 2] C©Mr» h ^ ^t£igJIT£/c#HC 

»4©fiBSttjB^*dr->2 Kom^mb^ctfNm 

[0 02 3] L/^L, IS^o^aiCtMt^^il 

[0024] feLb KffifitfL 3* F t> * Bfiffl 

[0 02 5] 1 Mm«TOMI^W 50 
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T£C£CC<£9, 1 0 G b / i n 'IROfiiRfflgKJiSS 
[00 26] 

- > £ H 4 (DfflttttWfi; * £ - > £ ©IH tc a A Jl/a»i*«r * 
2<D«tt*^3f-->i»4©attBI^^-->«:»OT«K 

[00 2 8 ] S/c, iSa«SCC*5C»rfi8a^!y F<30»* 

[0 0 2 9 ] */c. FMJ6nxF£Ttf&BW 

2©^N»1435PO«.«ttl!JS:««lly, Sfg2<D#«fl=a>o 

[00 3 0 ] iStJgax h*Ttf-5BWT, JriS* 

2 ©»fflB^" » - > t m 3 ©ffitelfi^ f->©2 ,X5zm 

[0031] sfc, iSja««Ht*i»i±S'i±s.BW*r, m 

[0 0 3 2 ] */c, IMM^fS)±5t^g«r, » 
la^^ 3 ©SBEttK^' £ - > OttiSln <fc 0 < K3£ U 

[0 0 3 3 J Stft. JSJa«!BFtt*.l6J±3.-&&BfiS)r... _L 
SB» 3 ©»fflS^* ^ - >CDi*^^r^ 1 RVm 4 CDffittM 
^^^-XDttlROl OE-4«T(CB9f5EL/c. 

[0 0 3 4 ] JBJa«^toi^±iiMS9ttB[©*S 



8<Bsixt/Bs2XDs< 1 . 5 £MJE3-t*fc. 
tO 03 5] &tc x R8h7? t>^<DJF>m%:m$&2>i% 

±MCcH£BT£lft2 ©fiKtt«'* £ - > £® 3 ©HttH^' 

^*^->«ratJ5£r5W*4<DJ:HS!S«:p (jt/Q-cm) , 
5MHzCC*JW^iba»*^M, K»«:t(//m) il 
fcBS, P/(juXt2)>0.0064£?gJ£3-e/c c C<D^fr£$§ 10 
SStf&fiBBft^? F*te£U Riffle ? F»TI 

[oo36]i/c, mm$&m&&m Ltcmmm.^ * f 

£S«Lfc«B«ffiS«Wc* RKvJa»ttl 5 OMHzH 

CcaSffif 5» 3 ©Ktt^*^ 1 . OwmfelT 

BBrf©S I . OMmttTKUfc. Rffl^^* F 20 
£ £*Ct|^ffltm^ * F £S*S l/fc«S«B«»RE 

[0 03 8] $/t, iHSKHOMHtk iffi8>£SSj£i*-i± 

[0039] s/c, wjasasttst^ 'j&mmz&frmn 
tc^mm^Lmtimb o ^ q c mja±<DK^tu6in 30 

K^"^->*J:bJEEfS2 0/iQcmt(T®C o-Ni-F 

[0040]4fc, Sags X h fiai««Sfe«pttCD»» 

^H/Co 40 
[004 D4/C Mffirax F 

HiSS fflJtc ftB $ i± £ ^ff«St^ -5 . 
[004 2] 

ma^v b'ommm^^i. mi <a) t*, stcc^o 

/c^2 (b) tC*tJC&-T -2> BrMtit jSB^ * -2> „ 50 
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[0043] *|%D^a^s«l ©«ffiB^'^->tt, 
B*C7tf-r T8B=i 725 CC*H£T £ , * /c^ 4 6D»ttR^ 

- > <b H 4 COaattH/N- * ~ > <h © RBCt tt :a -OU 2 6 
^SE-T^o r3^;b26«, il?2 mn(DCu k Au v A 

[0 04 4] »4©«ttH^*->i3Qr&±»3 
72 7i»l(D»ttlS^^->i3tc-5TBB=ir2 5CDRH 

3*sjfA3tiT*5 9. **t68P«tcj:oT»«to=F + ? 

[0 04 5 ] #»lJjT>tt. fie*JJffi{ClB4S3 ^ * ? 
Ma^->3 2 £3S3©»14IB'<*->3 3CCJ8L, 

r*— «g^6&&*fiasttiS3 i *Ktt/c. c©#»14 

[0046] *fc. 3>f^2 6lt #»tt*^*ft»ttJH 

[0047] _h£fSn72 7 tT^72 5 £©M 

fC^Kg«4 1 , 4 2MTi^t*t > ^*4 0 fcRWTl* 

[0 04 9] */c k f^lgm (4 0, 4 1. 4 2) *rffl2 
©fiatSHI^^->3 2R^3CD»141S^^->3 3 <!: 

[0 0 5 0 ] ^Ofik. mtcfr,? 3 7 6i. v KtS#^ 

HUB. 3 0Wn^;l/6cS*^Kift«rfife-rytai>C!>^lffi, 

[oo 5 1 ] mm (b) &m4<Dmft.m^2~>t ( cttfc 

26\t. h^-JU3 4tcrli3 0 (H 

(a) ) tfe^Sntl^. CCr, ^2CDettJp/^ 
->3 2fcJ;^3(DiattlA^->3 3<D&&mW9\- 



9 

<bT8B3T2 5tt, «»Wfc=i># # h*- JU3 56CT 
IS^SftTO*. c©i»a«ift3>$^ b*-A3 5£S 
5te(t^L/cfflB8»4 1 % 4 2^S*fc»fiS<t&?ri^ 

[005 2] #ffltSl^* K<D«F«-C*-SS26»ttlfi^ 
^->3 2SCX^3 0fiB614JS/^-> 3 3 53:, f&4©fiBE 
H=R'**->2 7 <tSB 1 <D»14!Bt^*--> 2 5cD5feffi 

H (c) ©<fc^cc&£ 0 -Tfc*)^ *4©«14K^^- 
>27ifl ©fflH4JK^"*-:/2 5<30HCCiBO|*t^2 
<01»fflB^-$->3 2 <t»30KttBI^^->3 3#U2 

[0053] Ctl6*2<DBttttJH^^->3 2tt, #1 
©«fflB^*~>2 5«l, »3<D»ttI«^$r-->3 3 

^"*->3 2 i»3©fflSttM^^"^->3 3CCH3snr« 

[00 54 ] HCCthTJ: »JSJH"C* -Stt 

[0 0 5 5 ] S/c, lS»figa»*l|3STS/c«?>, fSMffi 
6CS5Ur^S3©»14B^^^->Oi!S* 1 . OwnitlT 

ecu «»a«Ftt, «*i&*»»sftK4Ma$i*saw 

"C^CDi^* 1 . 0 u mJ&lTtC U fc. 
[0056] cntt, m3<01BttBi^$->C!>?BSECC^ 

[0057 ]#S«TO, ^I©IttI^^>il4 
©SBffiR'* £ - > <DW:fr<Dm«ffiifi£ 1R«) CC 0 ft: 

(tbfilnffi ;50/i Q cmJW±, aftfeoc^rwt* 
SB) . ^i*WtCtt % C o T a Z r T-tA^ 7 
■fe>#XK CoZrNbTa_7_^^7X^i, ^ 
6 v * * - > £ L /Co 

[0 0 5 8 ] JS6MtC«, *^*#ffi«:fl3l>/Co S/c. ^ 
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[0059] **acctfiti«^^->ffia <^*-> 

[0 0 6 0 ] »2©fflEffiR^^->iC>lEtb. 

<hu-i/>^«j) teffiar*® 3 cDfiSttjB^"^-> 

[0 06 1 ]«ai 3!3<D]8ttR^*->ecC o 
NiFe, NiFe. Fe U*«8t fcft 

/i Q c m JWrcilBOSS 1 <Z>fi8f*i«^ £ - 4 COM 

[0 0 6 2 ] HSi/ifiSra, *©«©ii^Si£iiLJBil> 
tt"C#^Ci. JM±©SftA^6»3©saffiB^^->iL 

[oo6 3]^{c»i emmst'* *t~^U&&m4<DM 

30 ttlB^^^-XDtkJSCiffl^: 5 0 u Q c mfe(±i 

B^*^->©j:bigia*^rf^iJufc«si^2» f comfit 

SB£*tftt, BSl 0 0 0^cglSUfc o ism*, t^-rtife 
2. 8/zmtCi^L/c e */c. ®4©«14R^^->i 
03CD^ttM^'^->i6om^ i 3 ®7^TDg) «: 
2 umlCL tc G 

[0 06 4 ] Mfrh* tmVil e uQcm©»8 (— « 
40 W&N i F et#ft) ^rfflC^W^. IBS&ja^tkg 0MH 
z r IE9b^%» 10MHz <0l&$k (HfeSWBflWS* 
tctt^»g= (SBflirS) efW5 0%feTRt 
fiTTSC i*«t>*L*._J:tJfiCi.6 0,/i Q c.mfeLhca»f4 

-cut. *^»s?oa^«ii>^ < . SSta 2 0 0 MH 2 fIS 

[0 06 5 ]iaf^^lW ffiiS©S*ii*^ 

C <DfflftA> 6 . SB 1 ^O'^ 4 ©»141S^' 5? - > CCifSJtffi 
50 !n©t**4%fflC^c B 



n 

» 1 MH 2 ^JgCDfiJl«ig«jB#CD^^W^^tL,. 6 5 

[006 7] m&h ^Tffl^OtbffiBi* BOMQcmiC 
l^Cit'l 5 0MHz»«i^^Ci^ 10 

[0068] C<DJtffi!n<Dffi«\ *ttl*tCfflC>fc^^ F 

[0069] 744-4-4- F ^ >1f #:>3 > 
-?>f*?4 9?s H31-^ ^>^6<DM2651#>6H2656 
(IEEE TRANSACTIONS ON MAGNETICS, VOL.31, NO. 6 p. 2 
651-2626)$ClSt£ 2*1 & (7)^(H2654CCiBK)*C J; 

Cp, ^ t)Cctfi#ra 0 cct\ ptt, flBMt**4©J:b 20 

fq=P/(M X t 2) -(I) 

C (O^C 15 0MHz IKB&J&S"5JflB i & £ 

fq'=50/(1000X 2 .82) ^ 0. 0064 — (2) 

5 0MHz ifflfc#pjfg t tji 2><^ v YgsfltU 
p/CMXt2)>0.0064 — (3) 

*mtt&>Sm&&Z>tLififtfr%>. CCD^^, vJn 30 
(DfiKffifcfli^fc^, p <5 OyQc m<DW4S:ji/B~C 

[0070] cc95$w\ ±as=ircD/e^<bTa5=ir©s 

So 

[007 1 1 1/c, 1 5 0MHz *[B^SiSH?Rjffi»^ 

[0 0 7 2 ] 1$CCK/¥*»< 150MHz 
<D|g»«J:bJB!affl5 OmQc m«±©««*:/Bt>SC t 
cc <t OHJMTSo JfcJStfiffiS OmQc m«±OWf4», 
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[007 3]tftb%, K»ja«acorfii±K:j:^Tli«i 

Mt~tz>imx. rz^xmmm* 

[0 0 7 4 ] itJBR^< , ^)B2&r>*ffiK:r^d?-> 
fc, H&ctbffitS^iKi^r^^T^^Mjbia^^vK 

jawrfcft^x&^&s. erne®. m>mm^*mm 

«ffilS©»»«:*iJffl Lfc 1 5 0 MH2igtt(DBam^ ?r F& 
[0 0 7 5] *^K'S*ifl>lM^7 K»Jfitc*JC* 

#>-c 1 5 omzK±©jaift»[rigtt-rs«a^ > F&e>* 

i 5 f mci 6 (D^?: ^> -9 r^^r i ^ 

[0 0 7 6 ] iC6t, H5CC^L//cttm6i. SS3©» 
1^^-^->CDl:btg^CDfiiCCf^L^^o/c 0 Ctltt 

m&m^ 2 - >*$ J: 0*814 ©sattjg^ * - xottaccib 
m 3 (om&mj * * - > otta ± m 1 4 <c«tsR^ 

4»->©f*a<Dl:b«r-'^'7^-^CCLrt4-&. BW 1 ^ it 

«ut# 1 cc^fl < ja«»«Ftt*s*{b-r ^©^^ 
(ftatbi tit, mmcmmfimis^^z ->$mrj;^ 

tt»j:b4/hs<-rsg. r^Ji-rs^, ^«^c^ 
[007 8] m3<Dm&m'*z->±is-c\,z. 
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fc*s***-r. is**^ »3©«tt«^*~>©B s 
mmm tc tt^fiBE* © aft a* ^ci ^ ti r 

tt*C£3&*»*>ftTl>S. Ctl63&>6. l3«ttlA* 
£->fc:^B s ©«*4«raiR-r*£®ttS:II)Ba*S 0 
[0 07 9] Lrf>>U tf^te®3©«ttR;**~>© 

To H*€>. »IWJEaWB< (SWfcttO. 9feLt) »W 
ffi©^IEI§W*r£fcB s©KHCH«ilS*;30dBO*- 

J8^"*->©B s#l T©*§^ S3 0Stti^^-> 
OBsffl*siT*>6 1. 7 T©teffl, »1 &0*»4©fi8 
ttR^*->©B s#l. 3T©*§^ fg3©®fflfl^ 
^XDBsPl. 2TH2. 3T©$gHT?#>o 

[0 0 8 0] C(Ol6IH«, mSL^y K©fi5&4*it££ 

5;fc6f&2©l»fflR^*->3 2-?-UT3l3©fi8fflB^ 
*->3 3;fce>»4©^R^£~>2 7tC*ft£. & 

Stt. a28©JI^t (HeffiJS) iBs©S*»62(HW«: 

>£fg4©$ffigt^£~->©B s £ t 7^0tt*lt* t ft 
ttB six t(chb«L/cH»^8fcnS. t©«5R#IB2 
©»1*JR>"* ^->i^3 ©«ttfii^ * - > (C^r iftJi & 
©«. i7^tf^"XgDg (iioit*^- 
>i»2<DfiBEttJR^'f^-><t©a&0S3, *£l»«S& 

4 5? - > t m 3 ©rattier ^ - > £ ©s& o 

[0 08 1 ]CCC, »3©«ttJ&rC §12 CD 

x, »3©»14K^<^->©^frtcoCirfelTa^&c 
[0 08 2] #f|J60!l©t§^ Dg = 2 //m» t =_2 . 

>©Bsi£l T£L/ct§^ ^3©»14itrc*->© 
Bs2^1. 4TCC-ric£T ; ; COHGfcfcSSfiS'ti- 
c©&fta>&iSi*i£ia£\ »3©«ttR^*->r 
BBSK©^ *£i>ttjfl£ (KS©i&fn) #£0*. c 

[0 08 3] fi^T, ^T-&»»#flj£?#&fc«>©fiffl 

bsi t x Dg, b s2om*m^xnmtti%L& 0 
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sixt, DgxBs2^ItIltM < !:, 

B s IX t = 2 . 8 (DmS 

DgxBs2= 2^63. 4 

Bsixt = 3. 64 ©i©^ 

DgxBs2=2. 4A»6 4. 6 

©Ilt*l)Ci»^ s CCtBslxt/Dgx 

B s 2*ffltiT±IBKH*IB^" & £ , .RJfiP&fiSESSJK 

0. 8<Bslxt/DgXBs2<l. 5 —(4) 
10 £&£. t©*fr£*Sij£3tf£C£CCJ:0. *3fe0J©a£ 

far-? vw&fcxm&tm<D%m*:nmtii%i2>. 

[0 0 8 4] «± % #»W©«»^^ F©»«*1H#«C 
MST££, mi fcJ:0'^4©»ttJH^^->©J:bJSln: 

»3©BattR^*^-XCJ:b^-»5cK<3&:<S. * 
/c, »1©BHB4JR^*^ Sg3©ffl*fe«M-# 

(4) K*»J^#££*#*>£. 

[0 0 8 5] #tc#«gjriS#*r £«Sv^ * F©J3U©«f 

20 iW14MA^->2 5, 3 2, 3 3 iOiMI^ 
WCil7SL/ct©-C*So H (a) CD«r». ^4©»14 
% - > 2 7 ©JBtK^SeSSECCjfi < . C ©JgfcHfc3ft©lK 

K(D±SiJ=»r©JK£— ST-S. C©JKCC*jl»T 
^W+>^^©»rffitciRffl-r-S»2©fiBtttJli^^ 
- > 3 2 i f 3 ©Stti^ ^ - > 3 3 ©IS ti 4 E|D< 
Rffl*£3U©»1*JB^*-->2 7 ©fflfmcJt^#K & 

[0 0 8 6 ] C©«fi«. H»Wfc«ttS:ffil>fc»^ v 

fW^ntUS^cOT^^ (S4©fi8tfeH^^-> 
2 7 3&>6*l©ai4!R^*->2 5"M§#rr£»liKW 
*tJ:o"C*#&##gc£) .0(a) #>e>Bjj£a>ft <fc 

[0 0 8 7 ] -ec-C^rti, H (b) tc^-r<fc^{c 
«4©»14IR^?->2 7©JB«;cca!E*»J^fc 0 ^* 

^4 ©ffittBi^ * - > 2 7 (cffi** 4>yt#^6^ «W© 
±iBrp^fii£tt^fci««h'7y^^©** 

©»14jr^^->2 i <Dmmum2te&zfm3<Dm&.m 

^<^->©ffiatCj:b^J*< -r^C£t>-C^So S/c. B 
(c) CC7n-r<fcO(cS4©»14K/S3r->2 7©4a8B* 
50 0f/d^Sttffi*s6f*iI3-i*^c £r v JifASCCgitH^^ 
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ttBS fc*f C 4 ©KfflB^" £ - ><D x 3? ^ 3&s» < & £ 
C i CC <fc OS#ii*ttf^tf*>ti& < &£/c«&<t fflSre 

[0088] a±<omam\tm4 <DM\±m^z->tc~z> 

[0 089]^ i3^^t^2(DltilA^-> 

^»ta^S. HfcyQ^TJHtcxs*:^*. 

[0 09 0]B(a)tt, Tifi«S<D±tcTaB=i T 
St^l0itti2 5l:SlL/dl *2<D»ffiBt>< 

-A 7 1 -2£0flt*r£. Ctih7U-A;*$->7 1 
- K 7 1- 2B, Ui^X h^lB^Wflifc^UiBf 

[0 09 1] COS, (b) CC^J;5tC^2©fi8«fe 

#^-T*«i3ctCU^X h^*->7 2- 1 , 7 2 -2 
[0 09 2] iiE'* L/c{& UyX};^ 

->ccj:oT#^~3n&t^ia£^x* hfficcri^* 

L3&^«, (c) (CTj^r^tC^U-Atei^U 

>3 2. BSlW^t v^lO, *3©fiH4K'>"*->3 
3"*? cfcCX»B» 4 1, 4 2. * ^ ^4 0 £JfclS 

XZZ> 0 

[009 3] CCX\ ±gBS2<D»ttH^^->i»3 
©M^^->©2»JM(Jf l< CCD 

[0 09 4] COM. (d) CCt^TJ:^ tcr^^^K^ 
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«£»oT»»Lfc„ ^Of£ v m3©18fflfi'**-->3 
?5^SSx ^ ^>^ffitCTBfa©«**rx y*Zs{f*: 

m> ^rfflc^/co c»-rn«>. <Dxgr»s«©«!Rft 

[0 0 9 5] C<Dt£, (e) tC^"T <fc ^tcn -OU 2 6 £ 

3co»ttB^^^->iciDj3&ior^- ^*wr&. $/c. 

#>> RV*<{)12 6 ilii©3>^^ hSB6cHPSP3 

[0 09 6] C<Dm. ^4©i»^->2 7^M 

20 ^rflai^c. 

[0 0 9 7 ] C©«. :a>*£ F*-Jl>3 4CC«««:-o 

[0 0 9 8] fclixE^fcXgtC <fc 0 . 13 1 CC^l/fcifflES 
[0 09 9] fc*5, ( c ) i3©IM^'^ 

$>htPC&>. *3<DlBttlBI^^->Ttc. 
JH*<Di»i»JB (B2»^+ ^^WfiS-TS) i^ttM^rS 

40 [0100] ±IBXg*>6»fiSb/c*a?8©fiBa^^ K 
^r^l 3 5C^rj;^CClf^^>^a>8Bt*7Ccax^ 

p-* »jT2**x-£3*jBt*/c. a-^vr^ 

^jxX-5? 3 if^>y 3 >W7 £*3^T£/c#>K: 
^C^/c 0 C©7-A4©ff6», 2. 5^>^«T0)ia 

[0101] ±gfi«JS©»a^^ F«rJSiSL/c«»5Ee 
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zffimT&wz&fr^ob^vzm (®»d 8f3 

[01021U, »lCDHftH^^->*5j:CJf»4© 

5 0MHz euKOHaaBfrntt-r * k **jjtc 

(lOGb/in 2fiLL> (DgSMIB^ 

*m*m?ttmM<DmMmmw <a»^* f> 
[HI] K^^w^m 

CH2] fi^K*JC<fc£ffl^* K^:^0ii o 
[H3] ^mjKDMM^v K©«jS:6«*^TXgH 0 

[Ml] **W<DB»^ * FOKEWjfiH. * 
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[110] m3<D»ttH^^->©(ta«t*#ii*pI«l 

%;mmk<D±m t ©rets*?*-*- «a. 

[B12] K (*©2) ^-TSJt^: 
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ch i 3 ] ^mmmmmmm&ffiTm&M* 

-A, 7-^^>->a>, 2 1 -iSISW 
SO, 2 2-S*fflUSB (H*SB) 2 6-n-r;l/. 2 3 
-IMfiMIfl 1 , 2 7-*4©«ffi«^4r->ttl> 
U*±«Sffltffi, 2 5-»l©ittI;^->^b»T 

aaas (^-^ Kn*fla> , 2 s-^-^kji^ 24- 

20 3 2-»»2©«teJBt/S#-> 1 3 3-»3 

©»14JR^*->, 4K 4 38-« 

3 1 -*fi814««!R, 5 1 6 
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